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SHAPE MEMORY CONTROLLER

CROSS REFERENCE TO RELATED
APPLICATION

This application is a Nonprovisional of, and claims priority
to, U.S. Provisional Application No. 61/521,225, filed on
Aug. 8, 2011, entitled “SHAPE MEMORY CONTROL-
LER”, which is incorporated by reference herein in its
entirety.

BACKGROUND

1. Field

The present invention generally relates to the field of con-
trolling flow of fluids and substances through vessels and
openings in a human body, and specifically controlling such a
flow using a shape memory apparatus.

2. Description of the Related Art

Human body is composed of a number of vessels, open-
ings, and tubes containing various body fluids and sub-
stances. Muscular structures called sphincters are known to
surround such openings and orifices of body vessels and
passages to maintain the flow of fluids and substances. Any
damage or weakness in these sphincters or muscles may
result into incontinence, i.e., involuntary discharge of fluids.
Incontinence is an ailment affecting a number of men and
women worldwide.

A number of methods, procedures, and devices, including
rehabilitation and behavior modification, dietary changes,
drugs, devices to capture involuntary discharges, and surgical
treatments (implants such as artificial sphincters) among oth-
ers, have been developed for treatment of this problem. The
use of artificial sphincters has been widely acknowledged.

Conventional artificial sphincters and implants that
occlude the body opening or duct in response to a fluid pres-
sure in the implant are well known. However, use of such
exterior fluid pressure may cause pain, skin alteration, throm-
bosis, and other similar conditions.

Similarly, implants utilizing a manual contraction of a fluid
filled collar via a pump, piston, or similar other mechanisms
may be physiologically and cosmetically undesirable. In
addition, responding to rapid changes in the bladder pressure
may be inconvenient for patients as high pressure transients
may result in sphincter leakage and subsequently, damage
body tissues.

In a similar manner, artificial sphincters constructed of
shape memory alloys can also be opened by applying external
power or energy, but may cause rupture of the tissues or loss
offluid or pressure and thereby, compromise the effectiveness
of the implants over a period of time.

In accordance with the foregoing, there is a need for a
method and system that may provide an effective way of
controlling the flow of fluids and substances through the body
openings such as anus and urethra and thereby, prove useful in
conditions such as fecal or urinary incontinence. In addition,
there is a need for a method and a system that may be rela-
tively easier to implant, and safe and easy to use.

SUMMARY

An apparatus that may be effective in treating incontinence
problems is provided. The apparatus includes an elongate
member and a shape memory element. The elongate member
is configured to at least partially surround a body lumen and
defines a lumen. The shape memory element is disposed of
adjacent to the lumen defined by the elongate member. Fur-
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ther, the shape memory element is adapted to change its
configuration based on a change in temperature. This change
in configuration of the shape memory element causes the
apparatus to move between a first configuration and a second
configuration.

In an embodiment, an apparatus for selectively opening
and closing a body lumen within a patient’s body is provided.
The apparatus includes an elongate member configured to at
least partially surround the body lumen. The elongate mem-
ber defines a first lumen and a second lumen. The first lumen
is configured to receive fluid. Further, the apparatus includes
a shape memory element disposed of within the second
lumen. The shape memory element is adapted to change
configuration based on a change in temperature of the shape
memory element. The change in configuration of the shape
memory element causes the apparatus to move between a first
configuration and a second configuration.

In another embodiment of the present invention, an appa-
ratus for selectively opening and closing a body lumen within
a patient’s body is provided. The apparatus includes an elon-
gate member configured to at least partially surround the
body lumen. The elongate member defines a first lumen and a
second lumen. The first lumen is configured to hold fluid.
Further, the apparatus includes a shape memory element dis-
posed of within the second lumen. The shape memory ele-
ment is adapted to change configuration based on a change in
temperature of the shape memory element. The change in
configuration of the shape memory element causes the appa-
ratus to move between a first configuration and a second
configuration.

Inyet other embodiment of the present invention, a method
of selectively opening and closing a body lumen within a
patient’s body is provided. The method includes disposing of
adevice within the patient’s body to at least partially surround
the body lumen. The device has a first temperature and
includes a shape memory element adapted to change configu-
ration based on a change in temperature. Further, the method
includes introducing fluid into the elongate member such that
the fluid has a second temperature different than the first
temperature. The difference in temperature facilitates the
change in configuration of the shape memory element to
cause the device to move between a first configuration and a
second configuration.

In still another embodiment of the present invention, a
method of selectively opening and closing a body lumen
within a patient’s body is provided. The method includes
disposing of a device filled with fluid within the patient’s
body to at least partially surround the body. The fluid is at a
first temperature. The device further includes a shape
memory element adapted to change configuration based on a
change in temperature. Further, the method includes chang-
ing the temperature of the fluid to a second temperature such
that a change in the fluid temperature causes a change in the
configuration of the shape memory element to cause the
device to move between a first configuration and a second
configuration.

BRIEF DESCRIPTION OF THE FIGURES

The invention and the following detailed description of
certain embodiments thereof may be understood with refer-
ence to the following figures:

FIG. 1 is a schematic diagram of an apparatus for selec-
tively opening and closing a body lumen within a patient’s
body, in accordance with an embodiment of the present inven-
tion;
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FIGS. 2a and 25 are a cross-sectional and a perspective
view of an apparatus, respectively, for selectively opening
and closing a body lumen within a patient’s body, in accor-
dance with an embodiment of the present invention;

FIGS. 3a and 35 schematically illustrate placement of an
apparatus for selectively opening and closing a body lumen
disposed of within a pelvic region of a patient, in accordance
with an embodiment of the present invention;

FIGS. 4a, 4b, and 4c¢ schematically illustrate placement of
an apparatus for selectively opening and closing a body
lumen disposed of within a pelvic region of a patient, in
accordance with another embodiment of the present inven-
tion.

FIGS. 5a and 5b are a cross-sectional and a perspective
view of an apparatus, respectively, including a first lumen and
a second lumen, in accordance with an embodiment of the
present invention;

FIG. 6 is a flowchart illustrating a method of selectively
opening and closing a body lumen within a patient’s body, in
accordance with an embodiment of the present invention; and

FIG. 7 is a flowchart illustrating a method of selectively
opening and closing a body lumen within a patient’s body, in
accordance with another embodiment of the present inven-
tion.

DETAILED DESCRIPTION

Detailed embodiments of the present invention are dis-
closed herein; however, it is to be understood that the dis-
closed embodiments are merely exemplary of the invention,
which may be embodied in various forms. Therefore, specific
structural and functional details disclosed herein are not to be
interpreted as limiting, but merely as a basis for the claims and
as a representative basis for teaching one skilled in the art to
variously employ the present invention in virtually any appro-
priately detailed structure. Further, the terms and phrases
used herein are not intended to be limiting, but to provide an
understandable description of the invention.

The terms “a” or “an,” as used herein, are defined as one or
more than one. The term “another,” as used herein, is defined
as at least a second or more. The terms “including” and/or
“having,” as used herein, are defined as comprising (i.e., open
transition). The term “coupled” or “operatively coupled,” as
used herein, is defined as connected, although not necessarily
directly and mechanically. The term “configured,” as used
herein, is defined as designed, functionally or structurally.

The term operator described in relation to various devices,
apparatuses, and components as discussed in the subsequent
text of the present invention may be a surgeon, a physician, a
nurse, a doctor, a technician, or the like, who may perform the
procedure of selectively opening and closing a body lumen
within a patient’s body. The patient may be a human female,
a human male, or any other mammal.

The present invention relates to devices and methods for
affecting selective opening and closing of the body lumens,
channels, openings, ducts, cavities, and the like (hereinafter
referred to as the body lumens), and specifically for the treat-
ment of incontinence. The body lumens are responsible for
controlling the flow of fluids and substances inside a patient’s
body. Typically, the flow of fluids and substances inside the
patient’s body is controlled and maintained by muscles called
sphincters that surround the body lumens and constrict or
relax depending on the physiological functioning of the body.
For example, two sphincters (internal and external anal
sphincters) at the anus control the release of feces from the
body. Similarly, a urethral sphincter controls the release of
urine from the body. However, a number of factors such as
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muscle or nerve damage, diseases, drugs, dietary, and the like
may result in dysfunctioning of these sphincters and subse-
quently lead to incontinence (inability to control the flow of
fluids and substances). The present invention provides sys-
tems and methods to address these aspects.

FIG. 1is a schematic diagram of an apparatus 100 that may
be used for selectively opening and closing a body lumen
within a patient’s body, in accordance with an embodiment of
the present invention. The apparatus 100 may be disposed of
within the patient’s body. The body lumen may be any open-
ing or duct that permits flow of fluids and substances. For
example, the body lumen can be an anal opening that allows
feces to pass through the patient’s body.

The apparatus 100 includes an elongate member 102. In an
embodiment, the elongate member 102 is configured to at
least partially surround the body lumen such that it holds the
body lumen and the surrounding muscles as a clamp. In such
a scenario, the elongate member 102 may be designed as a
horse-shoe structure. Similarly, in another embodiment, the
elongate member 102 may be designed as a ring that com-
pletely surrounds the body lumen.

In accordance with various embodiments of the present
invention, the elongate member 102 defines a lumen. For
example, the elongate member 102 may be designed as a
hollow or tubular structure having a lumen inside. In embodi-
ments, the elongate member 102 may be in an expanded/open
configuration (i.e., a first configuration) or a collapsed/closed
configuration (i.e., a second configuration). As shown in FIG.
1, the apparatus 100 includes a shape memory element 104.
The shape memory element 104 is composed of a shape
memory material that remembers its original shape and
returns to a pre-deformed shape on application of tempera-
ture. The type of configuration of the elongate member 102
may depend on the change in configuration of the shape
memory element 104.

FIG. 2ais a cross-sectional illustration of an apparatus 200
for selectively opening and/or closing a body lumen within
the patient’s body, in accordance with an embodiment of the
present invention. The apparatus 200 includes an elongate
member 202 and a shape memory element 204. The elongate
member 202 includes an outer wall 202a and an inner wall
202b. As described earlier in FIG. 1, the elongate member 202
may be designed as a hollow or tubular structure with a lumen
206 inside. The elongate member 202 may be manufactured
from a material suitable for implantation in the patient’s body.
The elongate member 202 may be composed of a biocompat-
ible, formable, and flexible material. The biocompatible
materials are used so as to interface with the biological sys-
tems such as body tissues without causing sensitization or
inflammatory reactions in the body.

Examples of the materials include, but are not limited to,
titanium; cobalt; nickel-based alloys; ceramic materials; car-
bon-based materials such as pyrolytic carbon and vitreous
carbon; and plastic moldable materials such as medical
grades of polyethylene, polyester, polytetrafluoroethylene
(PTFE), expanded PTFE, polypropylene, per-fluorinated
polymers, acrylic polymers, polyurethanes, sponge urethane,
foamed Teflon, sponge Teflon, titanium or a springy polymer,
silicone rubbers, latex, polychloroprene (e.g., neoprene),
fully vulcanized thermoplastic rubbers, and thermoplastic
elastomers.

In an embodiment, the elongate member 202 may be
shaped as a semicircle, horse-shoe, or a ring to at least par-
tially surround the body lumen. Similarly, the elongate mem-
ber 202 can be a D-shaped cross section, a horseshoe-shaped
cylinder with a D-shaped cross section, and any other shapes
and cross-sections. In some embodiments, the elongate mem-
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ber 202 can be substantially rectangular, square, oval, ellip-
tical, ring-shaped, and the like. Accordingly, the invention
need not be limited to a specific shape of the elongate member
202 and the elongate member 202 can have any geometry,
shape, or frame.

In accordance with an embodiment of the present inven-
tion, the shape memory element 204 is disposed proximally
or adjacent to the lumen 206 defined by the elongate member
202. In certain other embodiments, the shape memory ele-
ment 204 is embedded in the side walls of elongate member
202. For example, the shape memory element 204 may be
embedded in the inner wall 2025 of the elongate member 202.
The shape memory element 204, also known as a smart metal,
memory element or alloy, muscle wire, SME, and the like, is
composed of such a material, preferably an alloy that remem-
bers its original shape and returns to a pre-deformed shape on
application of temperature. These materials are known to
provide a lightweight and feasible alternative to traditional
actuators such as hydraulic, pneumatic, and motor-based sys-
tems. Examples of the material used for manufacturing shape
memory element 204 include alloys of copper-zinc-alumi-
num-nickel, copper-aluminum-nickel, nickel-titanium, zinc-
copper-gold-iron, and the like. In accordance with an embodi-
ment of the present invention, the shape memory element 204
is made of Nitinol (Nickel-Titanium alloy.)

Conventionally, it is known that a memory configuration
can be set for Nitinol above a transition temperature, the
temperature at which the configuration of the shape memory
element 204 changes. During manufacturing, the shape
memory element 204 can be held at a specific shape (memory
configuration) at the transition temperature for a given time
period. At this temperature, the memory configuration of the
shape memory element 204 becomes fixed. In case the shape
memory element 204 is subjected to a change of temperature,
such as heating above the transition temperature, the atoms in
the shape memory element 204 will be displaced during
deformation and subsequently, return to their pre-deformed
condition. Owing to this characteristic of the Nitinol and
similar other materials, the shape memory element 204 can be
repeatedly deformed and recovered by alteration of tempera-
ture.

In accordance with an embodiment of the present inven-
tion, the shape memory element 204 has a two-way shape
memory effect such that the shape memory element 204
remembers two different shapes corresponding to a low/high
temperature. In this case, the shape memory element 204 will
remember its high temperature shape on an increase in tem-
perature and when the temperature is decreased, the shape
memory element 204 will come back to its cold temperature
shape. In certain other embodiments, the shape memory ele-
ment 204 may have a one-way shape memory effect.

This ability of the shape memory element 204 to change its
configuration (based on a change in temperature) can thereby
be utilized to cause the apparatus to move between the first
configuration and the second configuration and thereby,
affect a selective opening and closing of the body lumen, and
subsequently in treatment of incontinence. This is explained
in detail (below) in conjunction with FIGS. 3 and 4.

The shape memory element 204 can be manufactured in
wire, coil, tube, block, slab, and similar other shapes and
sizes, in accordance with various embodiments of the present
invention.

Further, in an embodiment, the elongate member 202 is
configured to receive fluid. Examples of the fluid include, but
are not limited to, water, saline water, biocompatible poly-
mers, electro-active polymers, and similar other fluids. In
accordance with the embodiments of the present invention,
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the fluid may be selected such that it is biocompatible and can
act as a medium for transferring heat to the shape memory
element 204.

FIG. 2b illustrates the perspective view of the apparatus
200 shown in FIG. 2a, in accordance with an embodiment of
the present invention. The apparatus 200 may include a tem-
perature control device (not shown). The temperature control
device is configured to change, transfer, and/or control tem-
perature inside the elongate member 202.

In an embodiment of the present invention, the temperature
control device may be a heat exchanger. Various types of heat
exchanger arrangements can be configured, including a shell
and tube type, heating plates, heating/cooling or air coils,
spiral or helical tubes and coils, and similar other configura-
tions. For example, the temperature control device may
include a number of heating coils that may pass through the
apparatus 200. The temperature control device may be pro-
vided with electrical connections to facilitate passage of cur-
rent through the heating coils. The heat generated via the
heating coils will be transferred to the fluid that may be
introduced inside the elongate member 202, and subse-
quently to the shape memory element 204 resulting in change
in temperature of the shape memory element 204. This
change in temperature will cause the shape memory element
204 to change its configuration, cause the apparatus to move
between the first configuration and the second configuration,
and selectively open or close the body lumen. In another
example, the temperature control device may include a heat-
ing plate through which current may be passed to heat the
fluid and the shape memory element 204.

In accordance with various embodiments of the present
invention, the temperature control device may be further pro-
vided with sensors (such as thermocouples, Resistance Tem-
perature Detector, i.e., RTD, and the like) for sensing the
change and the degree of change in temperature inside the
lumen 206 of the elongate member 202. Examples of sensors
include, but are not limited to, motion, temperature, vibration,
pressure, and proximity sensors.

In other embodiments, the temperature control device may
include an output unit (such as electromechanical relay, Solid
State Relay, analog/digital output, and the like) that provides
a control output (such as safety limit, alarm, heating, or cool-
ing when change in the temperature inside the lumen 206 of
the elongate member 202 is detected by the sensors). Further,
the temperature control device may include microprocessors
or algorithm processing units (such as Proportional Integral
Derivative (PID) controllers) to process the information
detected by the sensors. For example, the heating coils in the
elongate member 202 may be connected to a safety limit
controller (on-off type) with a latching output. In case an
undesirable temperature level is detected inside the lumen
206 of the elongate member 202, a controller may shut down
the current flow and initiate a cooling mechanism (such as
passing a coolant) to keep the process within safety limits. An
undesirable state (such as temperature greater than a thresh-
old temperature, the temperature above which the apparatus
200 and/or the body tissues may be damaged) within the
apparatus 200 may be detected by employing sensors such as
temperature sensors inside or outside the apparatus 200.

FIGS. 3a and 354 illustrate the placement of apparatus 300
for selectively opening and/or closing a body lumen, in accor-
dance with an embodiment of the present invention.

FIG. 3a illustrates the apparatus 300 that is placed around
a body lumen 302 (shown closed in the figure) within the
body of a patient. As shown in FIG. 3a, the apparatus 300 is
placed within a pelvic region 304 of a patient. The apparatus
300 includes an elongate member 306 that at least partially
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surrounds the body lumen 302. The elongate member 306
defines a lumen 314. The apparatus 300 also includes a shape
memory element 308. The shape memory element 308 is
disposed of adjacent to the lumen 314 defined by the elongate
member 306. In some embodiments, the shape memory ele-
ment 308 may be embedded in the walls of the elongate
member 306. Further, the elongate member 306 is configured
to hold fluid 310 in the lumen 314. The fluid 310 may be the
biocompatible fluid such as a polymer. In an embodiment, the
lumen 314 defined by the elongate member 306 may hold
water at a first temperature. The first temperature may be at
body temperature (i.e., 37 degrees Centigrade or 98.6 degrees
Fahrenheit). A first configuration (e.g., V-shape) of the shape
memory element 308 is in such a manner that the elongate
member 306 and the shape memory element 308 clamp the
body lumen 302. In such a configuration of the shape memory
element 308, the opening ofthe body lumen 302 is in a closed,
constricted, or an occluded state and does not allow the flow
or passage of fluids and substances, such as feces, when the
fluid 310 and the shape memory element 308 are at the first
temperature.

The apparatus 300 further includes a temperature control
device 312 such as a heating coil. The temperature control
device 312 is configured to change, transfer, and/or control
temperature inside the elongate member 306 by facilitating
passage of electric signals for heating or raising the tempera-
ture of the coil and subsequently, the fluid 310 inside the
elongate member 306. The temperature control device 312
can be connected to electrical terminals (e.g., electrical con-
nections leading to an anode or a cathode outside the patient’s
body; not shown in the figure) for transmitting/controlling the
electric signals. The temperature control device 312 may be
further provided with sensors, output unit, and microproces-
SOrS.

In accordance with an embodiment of the present inven-
tion, the apparatus 300 may be provided with a power source
(not shown in the figure) such as power supply lines (ac or dc
voltage lines), energy storage devices such as batteries, fuel
cells, solar cells, and the like. The energy may be stored (if
needed) and may be transferred to the apparatus 300 thereaf-
ter to change the temperature of the fluid 310 as well as the
shape memory element 308 to cause the apparatus 300 to
move between the first configuration and the second configu-
ration. In accordance with various embodiments of the
present invention, the first configuration may be an open or
expanded configuration and the second configuration may be
a closed or collapsed configuration. This movement may
selectively open or close the body lumen 302 inside the
patient’s body. This will be explained in detail later.

When an electric signal (e.g., through an AC power supply)
is passed through the temperature control device 312, the
temperature control device 312 is energized. By way of con-
duction, the heat from the temperature control device 312 is
passed to the surrounding fluid 310. This heat in turn
increases the temperature of the fluid 310 and the shape
memory element 308 that is disposed of adjacent to the lumen
314 defined by the elongate member 306. In an embodiment,
the shape memory element 308 is embedded in the sidewalls
of the elongate member 306. As the temperature increases
beyond the transition temperature, the tension between two
ends ofthe shape memory element 308 relaxes and the defor-
mation of the shape memory element 308 to the second con-
figuration (e.g., a U-shape) begins. The configuration of the
shape memory element 308 subsequently changes to an open
or U-shaped element. This change in configuration also pulls
the sidewalls of the elongate member 306. As a result, the
apparatus 300 moves from the closed configuration to the
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open configuration, thereby releasing the opening of the body
lumen 302 that was originally caused to be occluded or closed
by the apparatus 300. This has been illustrated in conjunction
with FIG. 3b. Thereafter, fluids and substances such as feces
can be easily passed through the opened body lumen 302.

Likewise, once the feces are passed, the temperature of the
fluid 310 and the shape memory element 308 may be
decreased such that the tension between two ends of the shape
memory element 308 increases and the deformation of the
shape memory element 308 back to the first configuration
(e.g., V-shape) begins. In embodiments, the temperature of
the fluid 310 may be decreased by either stopping/minimizing
the flow of electrical signals to the temperature control device
312 or by passing a coolant through the lumen 314 of the
elongate member 306. Examples of the coolant may include
cold water, air, and any other biocompatible fluid. The coolant
may have high thermal capacity and low viscosity; and may
be non-toxic, and chemically and biologically inert. The
change in configuration of the shape memory element 308 to
V-shape pushes the sidewalls of the elongate member 306. As
a result, the apparatus 300 changes from open configuration
to the closed configuration, thereby constricting the opening
of'thebody lumen 302 that was earlier caused to be opened by
the apparatus 300.

FIGS. 4a, 4b, and 4c¢ illustrate the placement of the appa-
ratus 400 for selectively opening and/or closing a body lumen
402, in accordance with another embodiment of the present
invention.

Referring to FIG. 4a, the apparatus 400 is placed within a
pelvic region 404 of a patient. The apparatus 400 includes an
elongate member 406 configured to at least partially surround
the body lumen 402. The elongate member 406 defines a
lumen 418. The apparatus 400 also includes a shape memory
element 408 that is disposed of adjacent to the lumen 418
defined by the elongate member 406. In embodiments, the
shape memory element 408 may be embedded in the elongate
member 406. The shape memory element 408 is adapted to
change the configuration based on a change in temperature of
the shape memory element 408. This change in configuration
of the shape memory element 408 may cause the apparatus
400 to move between a first configuration and a second con-
figuration. As a result, the body lumen 402 may be selectively
opened and/or closed.

In accordance with an embodiment of the present inven-
tion, the lumen 418 of the elongate member 406 is configured
to receive fluid such as water, biocompatible polymers, and
the like. This embodiment specifically discloses a scenario
wherein the fluid may be later introduced inside the apparatus
400 and accordingly the elongate member 406, which may
not necessarily hold the fluid.

The configuration or shape of the elongate member 406
and the shape memory element 408 is in such a manner that
they are at a first temperature (e.g., the body temperature) and
clamp the body lumen 402. In such a configuration of the
shape memory element 408, the opening of the body lumen
302 is in a closed, constricted, or an occluded state and does
not allow the flow or passage of the fluids and substances such
as feces, when the shape memory element 408 is at the first
temperature.

In case there is a need for fluids and/or substances to pass
through the opening of the body lumen 402, such as for
excretion of feces (through the anus) or fluid 410 (shown in
FIG. 4b), which is at a different temperature than the tem-
perature of the shape memory element 408, is passed or
introduced through the elongate member 406.
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In an embodiment, the fluid 410 is hot, warm, or cold water.
The temperature of the fluid 410 is the second temperature, in
accordance with various embodiments of the present inven-
tion.

The apparatus 400 is provided with an insertion device 412
to introduce the fluid 410 (as shown in FIGS. 46 and 4¢) inside
the lumen 418. Examples of the insertion device 412 include,
but are not limited to, a pump, a syringe, a dosing system, a
jet, an injector, an infusion pump, an osmotic pump, a pen
injector, and similar other devices that can be used to intro-
duce the fluid 410 inside the elongate member 406.

As illustrated in FIGS. 4a, 45, and 4c, the insertion device
412 may include a valve 414 to facilitate introduction and/or
control of the fluid 410 inside the lumen 418 of the elongate
member 406. Examples of the valve 414 include, but are not
limited to, ball valve, buttertly valve, check valve, diaphragm
valve, gate valve, globe valve, piston valve, plug valve, flow
control valve, leaf' valve, rotary valve, disc valve, swirl valve,
and regulator. In another embodiment, the insertion device
412 may include a plurality of valves similar to the valve 414.

As shown in FIGS. 46 and 4c, the fluid 410 having a
temperature higher (the second temperature) than the tem-
perature inside the lumen 418 of the elongate member 406 is
introduced through the insertion device 412. For example, the
fluid 410 at a temperature of 46 degrees Centigrade (114.8
degrees Fahrenheit) is introduced inside the elongate member
406 having a temperature of 37 degrees Centigrade (98.6
degrees Fahrenheit).

In certain embodiments, the fluid 410 may be heated to or
above the transition temperature of the shape memory ele-
ment 408 by a temperature control device 416, such as a
heating coil, priorto introduction through the insertion device
412. As discussed earlier in conjunction with FIGS. 2, 3¢, and
35, electrical connections can be provided therein to facilitate
passage of electrical signals or current through the tempera-
ture control device 416. In other embodiments, wireless heat-
ing may be employed to heat the fiuid 410.

The fluid 410, on being introduced to the elongate member
406, transfers its heat to the sidewalls of the elongate member
406 and subsequently, to the shape memory element 408 that
may have a transition temperature of 46 degrees Centigrade
(114.8 degrees Fahrenheit.) As a result of the increase in
temperature of the shape memory element 408, a change in
the configuration of the shape memory element 408 is initi-
ated. As a result, the tension between two ends of the shape
memory element 408 is relaxed, and the deformation of the
shape memory element 408 to a second configuration (e.g.,
U-shape) begins. This change in configuration also pulls the
sidewalls of the elongate member 406, thereby releasing the
opening of the body lumen 402 that was originally caused to
be occluded or closed by the elongate apparatus 400. This has
been illustrated in conjunction with FIGS. 45 and 4c¢. There-
after, the fluids and substances such as feces can be easily
passed through the opened body lumen 402.

Further, once the feces are passed, the temperature of the
shape memory element 408 can be decreased such that the
tension between two ends of the shape memory element 408
increases and the deformation of the shape memory element
408 back to the first configuration (V-shape) begins. In
embodiments, the temperature of the shape memory element
408 may be decreased by discharging or emptying the fluid
410 from the elongate member 406, and allowing the elongate
member 406 and the shape memory element 408 to return to
the first temperature. In other embodiments, another fluid
such as a coolant may be passed through the elongate member
406 to decrease the temperature of the shape memory element
408. Examples of the coolant may include cold water, air, and
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any other biocompatible fluid. The change in the configura-
tion of the shape memory element 408 from U-shape to
V-shape pushes the sidewalls of the elongate member 406,
causing the apparatus to close. As a result, the opening of the
body lumen 402 is constricted again, which was earlier
caused to be opened by the apparatus 400.

FIG. 5a is a cross-sectional view of an apparatus 500 for
selectively opening and closing a body lumen within a
patient’s body, in accordance with an embodiment of the
present invention. The apparatus 500 includes an elongate
member 502. The elongate member 502 is configured to at
least partially surround the body lumen. Further, the elongate
member 502 defines or includes a first lumen 504 and a
second lumen 506. In embodiments, the first lumen 504 and
the second lumen 506 inside the elongate member 502 may be
created by using a wall or barrier, or similar other structures
composed of biocompatible material that may partition the
elongate member 502.

In other embodiments, the elongate member 502 may be a
first elongate member and may be configured to hold a second
elongate member. In such a case, the first elongate member
may define or include the first lumen 504 and the second
elongate member may define or include the second lumen
506.

Referring to FIG. 5aq, the first lumen 504 is configured to
receive and/or hold fluid. As discussed earlier in conjunction
with FIGS. 2, 3, and 4, the fluid may be water or any other
biocompatible fluid. The apparatus 500 also includes a shape
memory element 508 that is disposed of adjacent to or within
the second lumen 506. In accordance with the embodiments
of the present invention, the first lumen 504 and the second
lumen 506 have a first temperature and a second temperature,
respectively. In certain embodiments, the second temperature
may be the transition temperature of the shape memory ele-
ment 508. Further, the shape memory element 508 is adapted
to change its configuration based on a change in temperature
of the shape memory element 508.

As shown in FIG. 54, the second lumen 506 may isolate the
shape memory element 508 from the fluid in the first lumen
504. This is specifically useful in case the fluid may affect the
properties of the shape memory element 508.

In some embodiments, the apparatus 500 also includes a
temperature control device (not shown in the figure) such as a
heating coil to change, transfer, and/or control temperature
inside the elongate member 502 by facilitating passage of
electric signals for heating or raising the temperature of the
coil and subsequently, the fluid inside the elongate member
502. The temperature control device may be further con-
nected to electrical terminals (e.g., electrical connections
leading to an anode or a cathode outside the patient’s body but
not shown in the figure) for transmitting/controlling the elec-
tric signals. In some embodiments of the present invention,
the temperature control device may be provided outside the
first lumen 504.

FIG. 54 is a perspective illustration of the apparatus shown
in FIG. 54, in accordance with an embodiment of the present
invention. Referring to the FIGS. 54 and 54, the apparatus 500
may include a first insertion device 510 to introduce the fluid
through a first side of the elongate member 502, and a second
insertion device 512 to facilitate either introduction or dis-
charge of the fluid and/or a coolant through a second side of
the elongate member 502. Examples of the first and second
insertion devices 510 and 512 include, but are not limited to,
a pump, a syringe, a dosing system, a jet, an injector, an
infusion pump, an osmotic pump, a pen injector, and similar
other devices that can be used to introduce fluid and/or cool-
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ant inside the elongate member 502. For ease of reference, the
description hereinafter considers only the first insertion
device 510.

Initially, the first lumen 504 may be at the normal body
temperature. At this stage, the shape memory element 508
inside the second lumen 506 is at a first temperature. In one
embodiment, this first temperature may be a normal body
temperature. The shape memory element 508 is in a first
configuration (e.g., V-shape) and clamps the opening of the
body lumen in such a manner that fluids or substances cannot
pass through the opening.

In embodiments where the first lumen 504 holds the fluid,
the current is passed via the heating coils to heat the fluid.
Heat from the fluid in the first lumen 504 is transferred to the
sidewalls of the second lumen 506 and thereafter to the shape
memory element 508. Above the transition temperature, the
shape memory element 508 changes its configuration from
the first configuration (V-shape) to a second configuration
(e.g., U-shape) such that the opening of the body lumen
changes from a constricted to an open state. Accordingly, the
fluids and substances such as feces are passed through the
opened body lumen. Once the fluids and substances are
passed, the temperature of the shape memory element 508 can
be decreased by allowing the fluid to cool, or by discharging
the fluid from the elongate member 502, or by introducing a
coolant in the elongate member 502 such that the shape
memory element 508 returns to its first temperature. This
change in temperature will again change the configuration of
the shape memory element 508 from the second configuration
(U-shape) to the first configuration (V-shape) and thereby,
constrict the opening of the body lumen again, which was
earlier caused to be opened by the elongate member 502.

In embodiments where the first lumen 504 receives fluid
from outside the elongate member 502, current may be passed
once the fluid has been introduced via the first insertion
device 510. Although the embodiments of the present inven-
tion have been explained using a temperature control device,
the apparatus 500 may work without a temperature control
device as well. In such a case, the fluid may be heated outside
the apparatus 500 prior to introduction in the first lumen 504
via the first insertion device 510.

FIG. 6 is a flowchart illustrating a method 600 of selec-
tively opening and closing a body lumen within a patient’s
body, in accordance with an embodiment of the present inven-
tion. As illustrated in FIG. 6, the method 600 includes a step
602. At step 602, the operator may dispose of a device or an
apparatus (such as an apparatus described in conjunction with
FIGS.1,2,3a,3b, 4a, 4b, 4¢, and 5) within the patient’s body
to at least partially surround the body lumen. In embodi-
ments, the device may be an elongate member. The device has
a first temperature and includes a shape memory element
(such as the shape memory element described in conjunction
with FIGS. 1, 2, 3a, 3b, 4a, 4b, 4¢, and 5). In an embodiment
of the present invention, the first temperature is the normal
body temperature. The shape memory element is adapted to
change its configuration based on the changes in temperature.

In accordance with various embodiments of the present
invention, known methods and surgical processes for place-
ment of the device or the apparatus within the patient’s body
may be employed. In embodiments, the device may be dis-
posed of adjacent to a portion of the body lumen. In this case,
the operator can make bodily incisions in perineum, anteri-
olateral, posteriolateral, or lateral locations with respect to a
body part such as an anus of the patient. The operator may
insert a surgical tool through any of the incisions and hold the
device around the body lumen firmly. The incisions can
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finally be closed and sutured. After being placed, the device
may take the form similar to a ring or a loop.

In case the device has certain support structures such as
arms, they may be fixed to any other anterior or posterior skin
incision, the coccyx bone, and the like. For example, the arms
can be sutured to skin proximally or adjacent to the incisions.
In some embodiments, the incision may be a vaginal incision.
In other embodiments, the incision may be a buttock incision
made on a right buttock and/or a left buttock. In still other
embodiments, the incision may be a perennial incision made
in the perennial body. Similarly, the incision can be made at
various possible locations for facilitating the insertion of the
device within the patient’s body.

In some embodiments of the present invention, the device
may be designed structurally or functionally as a ring with a
slot to facilitate its implantation in the body of the patient.

The method 600 flows to step 604 where a fluid (such as
water, saline water, or biocompatible fluid) is introduced
inside the device. The fluid is at a second temperature difter-
ent than the first temperature of the device. In an embodiment
of'the present invention, the second temperature is higher than
the first temperature. In another embodiment, the second
temperature is a transition temperature associated with the
shape memory element. The difference between the first tem-
perature and the second temperature facilitates change in the
configuration of the shape memory element to cause the
device to move from a closed configuration to an open con-
figuration. For example, at the first temperature of the device,
the shape memory element is at a first configuration (V-shape)
such that the device and the shape memory element clamp the
opening of the body lumen and do not allow any fluid or
substance to pass through the body lumen. When a fluid is at
the second temperature, i.e., higher than the first temperature
of the shape memory element, and the device is introduced,
the heat from the fluid increases the temperature of the shape
memory element to the second temperature causing the shape
memory element to change its configuration to a second con-
figuration (U-shape). The U-shape configuration of the shape
memory element releases the opening of the body lumen,
thereby allowing the fluids and substances to pass through the
opening of the body lumen. Once the fluids and substances
are passed, the temperature of the shape memory element can
again be decreased by adopting the various methods
described above. A decrease in temperature will be followed
with a change in configuration of the shape memory element
from the U-shape to the V-shape. As a result, the opening of
the body lumen will again be constricted by the shape
memory element and the device will return to its original
shape.

Referring to FIG. 7, a method 700 of selectively opening
and closing a body lumen within a patient’s body is illus-
trated, in accordance with another embodiment of the present
invention. At step 702, a device or an apparatus (such as an
apparatus described in conjunction with FIGS. 1, 2, 3a, 35,
4a, 4b, 4c, and 5) filled with a fluid is disposed of within the
patient’s body to at least partially surround the body lumen
(e.g., an anal opening). In embodiments, the device may be an
elongate member. As discussed earlier in conjunction with
FIG. 6, the device may be disposed of adjacent to a portion of
the body lumen. In this case, an operator can make incisions
in perineum, anteriolateral, posteriolateral, or lateral loca-
tions with respect to a body part such as an anus of the patient.
The operator may insert a surgical tool through any of the
incisions and hold the device around the body lumen firmly.
The incisions can be finally closed and sutured. After being
placed, the device may take the form similar to a ring or a
loop.
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In case the device has certain support structures such as
arms, they may be fixed to any other anterior or posterior skin
incisions, the coccyx bone, and the like. For example, the
arms can be sutured to skin proximally or adjacent to the
incisions. In some embodiments, the incision may be a vagi-
nal incision. In other embodiments, the incision may be a
buttock incision made on a right buttock and/or a left buttock.
In still other embodiments, the incision may be a perennial
incision made in the perennial body. Similarly, the incision
can be made at various possible locations for facilitating the
insertion of the device within the patient’s body.

In some embodiments of the present invention, the device
may be designed structurally or functionally as a ring with a
slot to facilitate implantation in the body of the patient.

Referring to step 702, the fluid inside the device is at a first
temperature. In an embodiment, the first temperature may be
anormal body temperature. Examples of fluid include, but are
not limited to, water, saline water, and biocompatible poly-
mers.

The device filled with fluid further includes a shape
memory element. The shape memory element is adapted to
change its configuration based on a change in temperature.

The method 700 proceeds to step 704. At step 704, the
temperature of the fluid is changed to a second temperature.
In an embodiment, the second temperature is different than
the first temperature. In accordance with an embodiment of
the present invention, this change in temperature may be
caused by employing a temperature control device such as a
heating coil. The temperature control device may be further
provided with electrical connections to facilitate passage of
current through the heating coils. The heat generated via the
heating coils will be transferred to the fluid to increase the
fluid’s temperature from the first temperature to the second
temperature.

In other embodiments of the present invention, a coolant or
a heat reducing mechanism (such as cooling by air) may be
employed inside the device such that the second temperature
is lower than the first temperature.

In yet other embodiments, the second temperature may be
either equal to or higher than the transition temperature of the
shape memory element.

Accordingly, the change in fluid temperature causes a
change in the configuration of the shape memory element and
subsequently, the device. This results in selective opening
and/or closing of the body lumen that is at least partially
surrounded by the elongate member and the shape memory
element. Thereafter, the fluid and substances such as urine
and feces can be easily voided from the body, which facili-
tates to control the incontinence problem. Once the fluids and
substances are discharged from the patient’s body, the tem-
perature of the fluid and the shape memory element may again
be changed such that the shape memory element returns to its
original shape and the body lumen opens or closes accord-
ingly.

In some embodiments of the present invention, a control
system for controlling the application of heat, voltage, cur-
rent, and the like, and subsequently the temperature inside the
apparatus may be provided. This control system may be fur-
ther equipped with sensors, feedback units, processors, and
other similar units and modules that may facilitate a con-
trolled and automated opening and/or closing of the body
lumens using this apparatus.

The apparatus and/or device, as described in accordance
with various embodiments of the present invention, may be
tied with sutures, staples, adhesives, pins, and the like. In
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other embodiments, the pressure from body tissues may pro-
vide enough support for fixing the apparatus within the
patient’s body.

The embodiments of the present invention have been
explained such that the configuration of a shape memory
element changes from a V-shape (collapsed or closed) to a
U-shape (expanded or open) configuration corresponding to a
closed and an open body lumen upon change in temperature
of fluid inside an elongate member, and specifically increase
in fluid temperature inside the elongate member. However, a
vice-versa configuration, wherein the configuration of the
shape memory element changes from a U-shape (expanded or
open) to a V-shape (collapsed or closed) configuration corre-
sponding to an open and a closed body lumen upon change in
temperature of the fluid inside the elongate member, and
specifically increase in fluid temperature inside the elongate
member may be possible based on configuration given to the
shape memory element during forging.

Likewise, the embodiments of the present invention have
been explained such that the fluid with a temperature higher
than the temperature within the apparatus (e.g., hot fluid with
temperature greater than normal body temperature) is used to
facilitate the change in configuration of the shape memory
element. However, in some other embodiments, fluid with a
temperature lower than the temperature within the apparatus
(i.e., cold fluid) may be used to facilitate the change in con-
figuration of the shape memory element. As this cold fluid
will heat to normal body temperature, the shape memory
element may change its configuration from U-shape to the
V-shape, and the apparatus will close.

Similarly, the present invention has been explained such
that the shape memory element is disposed of adjacent to the
elongate member and in certain embodiments, is embedded in
one of the sidewalls of the elongate member that defines a
lumen. Alternatively, in another embodiment, the shape
memory element may be disposed within the lumen of the
elongate member. In yet another embodiment, the shape
memory element may have its own lumen such that it is
disposed adjacent to an outer wall of the elongate member.

The present invention has been disclosed and described in
terms of the treatment of fecal and urinary incontinence by
controlling involuntary flow of fluids and substances in anus
and urethra. The present invention may also find applications
in controlling flow of fluids and substances through other
body lumens. Moreover, the terms and expressions that have
been disclosed in the specification are used as terms of
description and not of limitation, and there is no intention of
excluding equivalents of the features shown in the use of such
terms and expressions.

In some embodiments, an apparatus for selectively open-
ing and closing a body lumen within a patient’s body includes
an elongate member and a shape memory element. The elon-
gate member is configured to at least partially surround the
body lumen. The elongate member defines a lumen. The
shape memory element is disposed adjacent to the lumen
defined by the elongate member and adapted to change con-
figuration based on a change in temperature of the shape
memory element. The change in configuration of the shape
memory element causing the apparatus to move between a
first configuration and a second configuration.

In some embodiments, the first configuration is an open
configuration and the second configuration is a closed con-
figuration. In some embodiments, the elongate member is
composed of a flexible material. In some embodiments, the
elongate member is composed of a biocompatible material. In
some embodiments, the lumen contains fluid. In some
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embodiments, the fluid is water. In some embodiments, the
fluid is a biocompatible polymer.

In some embodiments, the apparatus includes a tempera-
ture control device for changing the temperature of the shape
memory element. In some embodiments, the temperature
control device is a heat exchanger. In some embodiments, the
shape memory element is made of Nitinol. In some embodi-
ments, the apparatus includes an insertion device for intro-
ducing fluid inside the lumen. In some embodiments, the
apparatus includes a valve configured to facilitate introduc-
tion of the fluid inside the lumen. In some embodiments, the
apparatus is used for the treatment of incontinence.

In some embodiments, an apparatus for selectively open-
ing and closing a body lumen within a patient’s body includes
an elongate member configured to at least partially surround
the body lumen, the elongate member defining a first lumen
and a second lumen, wherein the first lumen is configured to
receive fluid; and a shape memory element disposed within
the second lumen, wherein the shape memory element is
adapted to change configuration based on a change in tem-
perature of the shape memory element, the change in con-
figuration of the shape memory element causing the appara-
tus to move between a first configuration and a second
configuration.

In some embodiments, the first configuration is an open
configuration and the second configuration is a closed con-
figuration. In some embodiments, the first lumen is at a first
temperature. In some embodiments, the fluid is at a second
temperature.

In some embodiments, the apparatus includes an insertion
device for introducing the fluid inside the first lumen. In some
embodiments, the apparatus includes a valve configured to
facilitate introduction of the fluid inside the first lumen. In
some embodiments, the apparatus includes a temperature
control device for changing temperature of the fluid. In some
embodiments, the apparatus is used for the treatment of
incontinence.

In some embodiments, an apparatus for selectively open-
ing and closing a body lumen within a patient’s body includes
and elongate member and a shape memory element. The
elongate member is configured to at least partially surround
the body lumen. The elongate member defines a first lumen
and a second lumen, wherein the first lumen is configured to
hold fluid. The shape memory element is disposed within the
second lumen, wherein the shape memory element is adapted
to change configuration based on a change in temperature of
the shape memory element, the change in configuration of the
shape memory element causing the apparatus to move
between a first configuration and a second configuration.

In some embodiments, the first configuration is an open
configuration and the second configuration is a closed con-
figuration. In some embodiments, the fluid and the first lumen
are at a first temperature. In some embodiments, the apparatus
includes a temperature control device for changing tempera-
ture within the elongate member such that the fluid and the
first lumen are at a second temperature.

Insome embodiments, a method of selectively opening and
closing a body lumen within a patient’s body includes dis-
posing of a device within the patient’s body to at least par-
tially surround the body lumen, wherein the device has a first
temperature, the device comprising a shape memory element
adapted to change configuration based on a temperature
change; and introducing fluid inside the device, the fluid
having a second temperature different than the first tempera-
ture, wherein the difference in temperature facilitates the
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change in the configuration of the shape memory element
causing the device to move between a first configuration and
a second configuration.

In some embodiments, the device is an elongate member.
In some embodiments, the first configuration is an open con-
figuration and the second configuration is a closed configu-
ration.

Insome embodiments, a method of selectively opening and
closing a body lumen within a patient’s body includes dis-
posing of a device filled with fluid within the patient’s body to
at least partially surround the body, wherein the fluid is at a
first temperature, the device comprising a shape memory
element adapted to change configuration based on a tempera-
ture change; and changing the temperature of the fluid to a
second temperature such that a change in temperature of the
fluid causes a change in the configuration of the shape
memory element causing the device to move between a first
configuration and a second configuration.

In some embodiments, the device is an elongate member.
In some embodiments, the first configuration is an open con-
figuration and the second configuration is a closed configu-
ration.

While the invention has been disclosed in connection with
the preferred embodiments shown and described in detail,
various modifications and improvements thereon will
become readily apparent to those skilled in the art. Accord-
ingly, the spirit and scope of the present invention is not to be
limited by the foregoing examples, but is to be understood in
the broadest sense allowable by law.

What is claimed is:

1. An apparatus for selectively opening and closing a body
lumen within a patient’s body comprising:

an elongate member configured to at least partially sur-
round the body lumen, the elongate member including a
sidewall, the sidewall defining a lumen;

a shape memory element disposed within the lumen
defined by the sidewall, the shape memory element
adapted to change configuration based on a change in
temperature of the shape memory element, the change in
configuration of the shape memory element causing the
elongate member to move between a first configuration
and a second configuration thereby opening and closing
the body lumen;

a temperature control device for changing the temperature
of the shape memory element, the temperature control
device having a heating coil disposed within the lumen
of the elongate member,

wherein the lumen of the elongate member is configured to
receive fluid, and heat generated via the heating coil is
configured to be transferred to the fluid inside the lumen
and subsequently to the shape member element.

2. The apparatus of claim 1, wherein the first configuration

is an open configuration in which the elongate member has a
substantially U-shape and the second configuration is a
closed configuration in which a distance between ends of the
U-shape is shorter than a distance between the ends of the
U-shape of the first configuration.

3. The apparatus of claim 1, wherein the elongate member
is composed of a flexible material.

4. The apparatus of claim 1, wherein the elongate member
is composed of a biocompatible material.

5. The apparatus of claim 1, wherein the fluid is water.

6. The apparatus of claim 1, wherein the fluid is a biocom-
patible polymer.

7. The apparatus of claim 1, wherein the shape memory
element is coupled to a surface inside the lumen of elongate
member.
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8. The apparatus of claim 1, wherein the temperature con-
trol device is a heat exchanger.

9. The apparatus of claim 1, wherein the shape memory
element is made of Nitinol.

10. The apparatus of claim 1 further comprising an inser-
tion device for introducing the fluid inside the lumen.

11. The apparatus of claim 10 including a valve configured
to facilitate introduction of the fluid inside the lumen.

12. The apparatus of claim 1, wherein the shape memory
element conforms to a shape of the sidewall of the elongate
member, the shape of the sidewall of the elongate member
including one or more curved portions.

13. An apparatus for selectively opening and closing abody
lumen within a patient’s body comprising:

an elongate member configured to at least partially sur-
round the body lumen, the elongate member including a
sidewall, the sidewall defining a fluid lumen configured
to receive fluid;

a shape memory element disposed within the fluid lumen
and at least partially embedded within the sidewall of the
elongate member, wherein the shape memory element is
adapted to change configuration based on a change in
temperature of the shape memory element, the change in
configuration of the shape memory element causing the
elongate member to move between a first configuration
and a second configuration thereby opening an closing
the body lumen; and

atemperature control device for changing the temperature
of the shape memory element, the temperature control
device having a heating coil disposed within the fluid
lumen of the elongate member, the heating coil config-
ured to heat the fluid,

wherein heat generated via the heating coil is configured to
be transferred to the fluid inside the fluid lumen and
subsequently to the shape member element.

14. The apparatus of claim 13, wherein the first configura-
tion is an open configuration and the second configuration is
a closed configuration.

15. The apparatus of claim 13, wherein the shape memory
element extends a length of the sidewall of the elongate mem-
ber.
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16. The apparatus of claim 13, wherein the fluid is at a
second temperature.

17. An apparatus for selectively opening and closing a body
lumen within a patient’s body comprising:

an elongate member configured to at least partially sur-
round the body lumen, the elongate member defining a
first lumen and a second lumen, wherein the first lumen
is configured to hold fluid;

a shape memory element disposed entirely within the sec-
ond lumen such that the shape memory element is iso-
lated from the fluid introduced into the first lumen,
wherein the shape memory element is adapted to change
configuration based on a change in temperature of the
shape memory element, the change in configuration of
the shape memory element causing the elongate member
to move between a first curved configuration and a sec-
ond curved configuration thereby opening and closing
the body lumen;

a first insertion device coupled to a first end of the elongate
member, the first insertion device configured to transfer
the fluid to or from the first lumen via a first opening at
the first end;

a second insertion device coupled to a second end of the
elongate member, the second insertion device config-
ured to transfer the fluid to or from the first lumen via a
second opening at the second end; and

a temperature control device for changing the temperature
of the shape memory element, the temperature control
device having a heating coil disposed within the first
lumen of the elongate member,

wherein heat generated via the heating coil is configured to
be transferred to the fluid inside the first lumen and
subsequently to the shape member element contained in
the second lumen.

18. The apparatus of claim 17, wherein the first curved
configuration is an open configuration and the second curved
configuration is a closed configuration.

19. The apparatus of claim 17, wherein the fluid and the
first lumen are at a first temperature.
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